INTRODUCTION
Newborn lambs exhibit a classic biochemical s Alta Lipids, Ltd., Boise, ID. Protected tallow and polyunsaturated oil were 21.6% and 24.9% crude protein, and 48.6% and 34.5% ether extract, respectively. essential fatty acid (EFA) deficiency (Leat, 1966; Noble et al., 1971 Noble et al., , 1972 Moore and Noble, 1975) . This may be a consequence of extensive ruminal biohydrogenation of dietary polyunsaturated fatty acids (Viviani, 1970) in the ewe, resulting in relatively small amounts of absorbed EFA. Although linoleic acid content of ewe serum phospholipids and cholesteryl esters is relatively high, the fatty acids in these lipid classes are not available to the fetus (Moore and Noble, 1975) .
Protected polyunsaturated feeds have been developed which effectively increase EFA content of ruminant tissues and milk fat (Scott et al., 1971; Scott and Cook, 1975; Mattos and Palmquist, 1974) . A study was initiated to examine the secondary effect on lamb plasma lipids of feeding a protected polyunsaturated lipid supplement (P/S) to pregnant ewes, and subsequently the effect on lamb growth of feeding P/S to the ewes during lactation.
EXPERIMENTAL PROCEDURE
Animals. Seventy-two mature Columbia and Targhee pregnant ewes were allotted to three treatment groups approximately 1 month prelambing. Diets and their composition (% of DM) were: 1) Control (78% corn silage, 22% alfalfa pellets); 2) Tallow (80% corn silage, 7% alfalfa pellets, 13% commercial protected tallowS); 3) Polyunsaturated (81% corn silage, 19% commercial protected polyunsaturated oil s). Alfalfa pellets were added to the tallow diet in order to balance fat and protein intakes of the two treatment groups. Two equal pretreatment subgroups were established in each main treatment group. The pretreatments were that the ewes had been either barn-fed or pasture-fed during early pregnancy. During the experimental period, all ewes were pen-fed amounts according to N.R.C. recommendations (N.R.C., 1975) on expanded metal floors. At lambing, ewes and lambs were placed in indi-1152 JOURNAL OF ANIMAL SCIENCE, Vol. 45, No. 5 (1977) vidual pens for approximately 3 days, then returned to group rearing pens. Lambs received only ewe's milk to 28 days of age.
Ewes were bled once prelambing (mean, 8.8 days prelambing; range 2 to 20 days). Lambs were bled at 0 (presuckling), 1, 3, and 10 days of age. Blood was collected in heparinized tubes and plasma was obtained by centrifuging at 10,000 x g at 5 C for 10 minutes. Ewes were milked at 21 days to obtain milk yield and composition data, in the following manner: After lambs and ewes were separated, the ewes were injected intravenously with 20 units synthetic oxytocin and immediately milked and the milk was discarded. After 3 hr, the oxytocin injection and hand milking were repeated and a milk sample collected to estimate daily milk production and composition.
Lambs from each main treatment group were sacrificed at birth and at 28 days for tissue analysis.
Cbemical. Feed total nitrogen was determined by Kjeldahl, and ether extract by Soxhlet extraction (A.O.A.C., 1965 For milk fatty acid composition, fat was obtained from the milk by BDI detergent (Stine et al., 1954) , and the methyl esters were prepared by alkaline transesterification according to Smith (1961) .
Plasma glucose was determined by glucose oxidase (Worthington, Freehold, N J); lipids were extracted twice with 10 volumes of CHCI3 :MeOH (2:1), and neutral lipids (NL) and phospholipids (PL) were separated on silicic acid columns. Triglycerides (TG) and non-'esterified fatty acids (NEFA) in the eluates were separated by absorbing the NEFA on AG l-X2 (Biorad, Na + form), eluting the TG with petroleum ether, followed by elution of NEFA after acidification with glacial acetic acid, according to Kelley (1968) . Non-esterified fatty acids and TG fatty acids were determined qualitatively and quantitatively by gas-liquid chromatography using an internal standard (heptadecanoic acid, Nu-Chek Prep, Elysian, MN). Esterified fatty acids were hydrolyzed in alkali, subjected to water wash, acidified and extracted into ether; all fatty acids were methylated by refluxing with 1% H 2 SO4 in dry methanol.
Fatty acid methyl esters were separated by gas-liquid chromatography on a 4 mm i.d.
• 180 cm column of 15% Hi-Eff 2BP on 80/100 mesh Gas Chrom P (Applied Science, State College, PA) in an F&M Model 402 instrument, equipped with dual hydrogen flame ionization detectors. Plasma fatty acid methyl esters were separated isothermally at 190 C; whereas milk fat methyl esters were separated by temperature programming 10 C/min from 90 C to 190 C. Quantitation of peaks was accomplished by Hewlett-Packard Model 3380-A electronic digital integrator; peaks were identified by comparison of retention times with those of authentic standards, purchased from Nu-Chek Prep, Elysian, MN, except for A 5,8,11 and A 8,11, 14 eicosatrienoic acids, which were a gift from Dr. Howard Sprecher, Department of Physiological Sciences, The Ohio State University, Columbus. Coefficients of variation for determination of individual peaks were 10% and 50% for plasma fatty acids constituting greater and less than 5 weight % of the total, respectively. Coefficient of variation for all milk fatty acids was 25%.
R ESU LTS
Data were analyzed by least squares analysis of variance methods for disproportionate subclass numbers as outlined by Harvey (1960) . The means presented were statistically adjusted for type of birth (single or twin) and sex of lamb. Ewe body weights, at allotment and 28 days post-lambing, and prelambing plasma glucose levels are present in table 1. Ewes were stratified according to a subjective condition score, and randomized to treatment within early gestation group. However, control ewes were larger (P<.02) than experimental ewes, an apparent chance occurrence due to the 17 to 19 ewes lambing in an accepted interval in each allotment group from a total of 24. All ewes lost comparable amounts of body weight from allotment to day 28 of lactation. Body weights were not different at day 28 (P=.ll). As allotment pretreatment group (barn or pasture-fed) affected only allotment weight, all subsequent data with regard to pretreatment were pooled. Plasma glucose concentration was depressed x by tallow feeding. Reversal of plasma glucose depression by the P/S diet could be due to the potential gluconeogenic nature of a portion of the linoleic acid molecule (Vahouny, 1974) , or possibly to an inhibitory effect of linoleic acid on glucose utilization. Table 2 shows mean daily feed intake of the
Although actual TDN intake of both fat-fed groups was less due to differences in body size, intake as a percent of N.R.C. requirements was similar. Birth and 28-day weights of the lambs are summarized in table 3. Birth weights were not different; however, P/S lambs gained only 89% as much as tallow lambs, and 66% as much as control lambs, to 28 days of age.
Milk production, and milk fat and protein concentrations measured at 21 days post-lambing are shown in table 4. Production of the control group was in the range reported by Gardner and ttogue (1964) , whereas production of the tallow and P/S groups were lower (P<.05). Milk fat content of control and tallow groups was comparable to previous data (Gardner and Hogue, 1964; Noble et al., 1970) , whereas the P/S group was significantly higher (P<.05). Milk protein content was not different among treatment groups.
Fatty acid composition (weight %) of the milk fat is shown in table 5. Contribution of all fatty acids except butyric, stearic and linolenic was changed by the experimental diets, consistent with previous reports of the effects of protected lipid on milk fat composition (Mattos and Palmquist, 1974) . Greatly increased concentrations of oleic (18:1) in the tallow treatment and of linoleic (18:2) in the P/S treatment reflect the large quantities of the dietary components bypassing rumen digestion. Decreased proportions of 6:0 to 16:0 in the P/S treatment and of 6:0 to 14:0 in the tallow treatment reflect feedback inhibition of de novo synthesis of these fatty acids in the mammary gland by the high concentrations of long chain fatty acids of dietary origin. It is likely that reduced de novo synthesis of 16:0 also occurred in the tallow treatment, but was masked by high amounts of 16:0 in the dietary fat.
Fatty acid composition of ewe plasma lipids is shown in table 6. It is apparent that diet did not change fatty acid composition of NEFA, but total concentration was increased by the high fat diets. Failure to change NEFA linoleic (18:2) proportion suggests that the ewes were not fed sufficiently long to affect composition of adipose stores. The P/S diet effect on plasma TG 16:0 and 18:2 is apparent. The P/S diet increased plasma NL (primarily cholesteryl ester) 18:2 50% (not significant) and significantly increased PL 18:2.
Changes in fatty acid composition of the lamb plasma PL with time is shown in table 7. At day 0 (blood samples taken immediately post-partum, before the lambs had an opportunity to nurse) the plasma PL patterns of all three groups strongly suggest a biochemical deficiency of essential fatty acids. Of particular significance was the identical and low linoleic acid content in all three groups. Palmitoleic (16:1 n-7) was relatively high, as was eicosatrienoic (20:3 n-9). Only eicosatrienoic was significantly affected by diet, with higher levels on the high fat diets. The triene/tetraene ratios of all groups exceeded .4, confirming observations of others. The high fat diets, particularly tallow, increased the ratio. By 1 day of age plasma PL linoleic acid had doubled in the control and tallow groups, and tripled in the P/S group. Small increases in linoleic continued through day 10. Even more dramatic changes occurred in eicosatrienoic acid during the first day of life; this fatty acid decreased 10-fold in the P/S lambs. The triene/tetraene ratio was at or below .4 in all groups by day 1. At day 10 eieosatrienoic acid was nearly undetectable. Significant diet effects on proportions of plasma PL fatty acids at I and 3 days wcrc observed for oleic and linoleic acids, and at 10 days for palmitic and linoleic acids. The low proportion of palmitic acid at day 10 in group P/S probably represents feedback inhibition by the high levels of dietary linoleic acid on de ,ovo synthesis (Yang et al.. 1975) . The time trend to decreasing oleic acid proportions reflects thc replacement of 18:1 with 18:2 as the major unsaturate in plasma PL. The interaction of day • diet was significant for both 16:0 and 18:2.
Discussion
Two hypotheses were tested in this study. First, we suggested that supplementing ewes with protected, polyunsaturated fat would eliminate the biochemically-defined essential fatty, acid deficiency of new-born lambs. The data in table 7 on fatty acid composition of lamb plasma PL at birth clearly reject this hypothesis. 
1374 +-221 c (7) 14.1 -+ .97c (7) 4.6 +-.27 (5) aNumbers in parentheses indicate number of ewes sampled.
b'CLeast square means on the same line with different superscripts differ (P<.05).
At birth, all three groups demonstrated a biochemical EFA deficiency, as defined by a triene/tetraene ratio greater than .4 (Holman, 1960) . High fat diets seemed to accentuate this, particularly the saturated diet. In a review, Scott and Cook (1975) have indicated a similar response, without substantiating data. It is apparent that the placenta takes up NEFA (Van Duyne et al., 1960; Elphick et al., 1975; Jones, 1976) rather than TG fatty acids, as in most other tissues (Scow et al., 1975) . Apparently, placental tissues lack lipoprotein lipase (Robertson and Sprecher, 1968) . This phenomenon would tend to insure energy uptake by the fetus in times of maternal starvation. Data in table 6 document that ewe plasma TG reflected dietary fatty acid composition, and that plasma NEFA composition was similar to ruminant adipose tissue (Shorland et al., 1966) . Further, lamb plasma PL linoleic content was more like maternal NEFA composition than TG composition. Failure of the P/S diet to increase ewe plasma NEFA linoleic content is puzzling, since 25 to 40% of chylomicron TG fatty acids may be released to the blood as NEFA during lipolysis by lipoprotein lipase (Scow et al., 1975) .
The rapid change in lamb plasma PL fatty acid composition after nursing (table 7) confirms data of others (Noble et al., 1971) , and reflects fatty acid composition of the maternal milk. Plasma PL rapidly increased in linoleic acid content, and decreased in eicosatrienoic acid content, so that by 1 day of age the triene/tet~aene ratio decreased to less than .4. This ratio continued to decline; by day 10 the trienoic acid was nearly undetectable in the plasma PL.
The second hypothesis we tested was that lambs with increased essential fatty acid availability would show improved growth over control lambs. As shown in table 3, this hypothesis is also rejected. Growth of both fat-supplemented groups was lower than controls (P<.01). Lambs from the P/S group performed worst, even though milk energy production of P/S ewes was greater than the tallow ewes (table 4). It is possible the P/S lambs consumed less milk (and thus reduced total protein intake) due to increased energy content of the higher fat milk.
The possibility that the highly polyunsaturated milk fat was toxic to the lambs cannot be excluded. Since this was considered retrospectively, data are limited. No measurements of milk or tissue vitamin E were made. Selenium content of ewe diets and lamb tissues at birth and 28 days of age was adequate ( (1974) showed that tocopherol reversed dietary polyunsaturated fat toxicity in calves. At our research center, calves fed polyunsaturated milk fat (20% 18:2) showed severe nutritional muscular dystrophy at necropsy, which was reversed with supplemental vitamin E (Palmquist, 1976 ; unpublished data). Wrenn et al. (1973) , reported no detrimental effects to veal calves fed polyunsaturated milk fat (14% 18:2) supplemented with 486 mg/day of alpha tocopherol acetate. Though Goering et al. (1976) were able to demonstrate increased tocopherol transfer to milk when the cow's diet was supplemented with high levels (5 g tocopherol/day), vitamin E content of milk is generally low and transfer may not be sufficient to counter the large (five-to sixfold) increase in 18:2 concentration of the milk. We were unable to increase 18:2 content of lamb plasma PL by supplementing the ewe with protected polyunsaturated fat for 1 month prepartum. Whether longer periods of supplementation will increase transfer to fetal tissues remains to be determined. Newborn ruminants are adapted to efficient convervation of dietary 18:2 and greatly increased intake may be toxic, at least in absence of supplemental vitamin E.
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